Abstract. Northern highbush blueberry (Vaccinium corymbosum L.) cultivars were evaluated from planting (Oct. 2006) through 2014 in a certified organic research site in Aurora, OR. The treatments included cultivar (Duke, Bluecrop, Reka, Bluejay, Bluegold, Draper, Legacy, Liberty, Ozarkblue, and Aurora), amendment-mulch [''compost + sawdust'' (included preplant amendment and a surface mulch of either an agricultural on-farm crop waste compost or yarddebris compost and sawdust), and ''weed mat'' (no preplant amendments but with a sawdust mulch topped with weed mat)]. Adding on-farm compost as a preplant amendment and as part of the mulching program increased soil pH from 4.9 to 6.9, organic matter content (OM), and calcium (Ca), magnesium (Mg), and potassium (K) levels compared with the weed mat treatment. The reduced plant growth and yield in some cultivars grown in the compost + sawdust treatment was likely due to the higher soil pH. 'Bluegold' and 'Draper' were among the cultivars with consistently high flower bud set (40% to 57%), whereas others had consistently low values (e.g., 22% to 45% in 'Bluecrop'). The number of flowers per bud was affected only by cultivar. There was no effect of year or amendment-mulch treatment on percent fruit set which averaged 93% during the study; however, 'Ozarkblue' had a significantly lower fruit set (88%) than only 'Aurora' (96%). Berry weight was affected by year (plant age), cultivar, and amendment-mulch treatment. 'Ozarkblue' produced the largest berries. Type of amendmentmulch had little effect on berry weight, except in 'Ozarkblue', 'Aurora', and 'Reka' where plants grown with weed mat produced larger fruit than those grown with compost + sawdust. On average, 'Bluejay', 'Draper', and 'Liberty' fruit had the highest percent soluble solids (TSS) and 'Ozarkblue' the lowest. Fruit harvested from plants grown with weed mat were firmer than when compost + sawdust was used. 'Draper' fruit were much firmer than those of the other cultivars in all years of the study. The number of flower buds per plant multiplied by the number of flowers/bud and berry weight (cultivar specific) and average fruit set was a good predictor of yield in young plants. Yield per plant increased from the second through seventh growing seasons as plants matured in all cultivars except for 'Duke' which had the greatest yield in 2014. Cumulative yield was highest in 'Legacy' and lowest in 'Bluejay' and in 'Draper', which had relatively low yield when plants were young. Most cultivars had greater yield when grown with weed mat, whereas 'Bluegold' and 'Liberty' were unaffected by amendment-mulch treatment. Because weeds were managed in all plots, the cultivar response to amendment-mulch was likely a reflection of sensitivity to preplant amendment with on-farm compost and the resulting higher soil pH. It is possible that the cultivars differed in their adaptability to the various fertility regimes caused by the amendment-mulch treatments and fertilizers used in our study.
The Pacific northwestern United States is an important region for production of cultivated blueberry (Vaccinium spp.) (U.S. Department of Agriculture, 2014) . The proportion of total U.S. blueberry production grown on certified organic and exempt organic (less than $5000/year gross income and not requiring certification) farms was relatively small (3%) in 2008 (U.S. Department of Agriculture, 2010) . However, the Pacific northwestern region accounted for 49% of the total blueberry organic area planted in the United States in 2008, when the last survey was conducted. The certified organic area has grown considerably since the last survey, increasing to an estimated 915 ha in Oregon and Washington in 2011, 55% of total U.S. organic blueberry area (Strik, 2014) . By 2014, the organic blueberry area in Oregon and Washington accounted for about 20% of total blueberry area planted. Growth in organic production continues as consumer demand for organic products remains strong, and this region offers substantial advantages for organic production (DeVetter et al., 2015; Strik, 2016; Strik et al., 2016; Strik and Yarborough, 2005) .
A wide range of cultivars are grown in this region for the fresh and processed markets, offering a range in fruiting seasons from the earliest ('Duke') to the latest ('Aurora') . The development of yield and fruit quality of the range of cultivars grown has not been compared in research studies, likely because of the relatively long time from planting to maturity (about 8 years). Differences in the performance of cultivars have been found in organic production of 'Duke' and 'Liberty' blueberry (Larco et al., 2013a (Larco et al., , 2013b Strik, 2016; Strik et al., 2016) and various blackberry cultivars (Fernandez-Salvador et al., 2015) .
Blueberry plants are adapted to soils with low pH (4.5-5.5) and high OM (>4%) (Hart et al., 2006) . Organic and conventional growers are interested in using composts because of hypothesized OM, nutrient, and microbiological benefits (e.g., Forge et al., 2003) on soil properties and nutrients. Because organic sources of nitrogen (N) are expensive and often laborious to apply, the potential benefit from a slow-release N from compost is also of great interest to growers. However, use of plant-and animal-based composts as a preplant amendment may be problematic in this crop as these materials have a high pH and often a high salt content (animal-based) .
Our objective was to characterize yield and associated plant and fruit quality traits of important highbush blueberry cultivars in the region from planting to maturity and evaluate their adaptation to common organic amendments and mulches used in certified organic production.
Materials and Methods
Study site. The study was established in Oct. 2006 at Oregon State University's North Willamette Research and Extension Center, Aurora, OR (NWREC; lat. 45°28# N, long. 122°76# W). Weather data for this site are available from an AgriMet weather station (U.S. Deptartment Interior, 2014) . The planting was certified as meeting the USDA organic criteria before the first fruit harvest year (2008) by a USDA-accredited agency (Oregon Tilth, Corvallis, OR) . The soil at the site is a Willamette silt loam (fine-silty mixed superactive mesic Pachic Ultic Argixeroll) and had a pH of 4.9 and 3.7% OM. Details on preplant site preparation can be found in Larco et al. (2013a) .
After adding any preplant amendments, if used (see below), raised beds were constructed using a bed shaper; beds were 0.3-m high and 0.4-m wide at the top and 1.5-m wide at the base when established, but settled to a height of 0.25 m by Autumn 2007. Plants were irrigated using a single line of polyethylene drip tubing (Netafim, Fresno, CA) with 2 L · h -1 pressure-compensating, inline emitters spaced every 0.3 m. The line was located along the row near the base of plants, under the mulch. Irrigation was controlled by electric solenoid valves and an automatic timer set weekly and scheduled to maintain a soil water content suitable for highbush blueberry production [25% to 30% soil water content from the soil surface to 0.3 m, based on time domain reflectometry measurements (SoilMoisture Equip. Corp., Santa Barbara, CA)] (L. Valenzuela-Estrada, unpublished data).
Amendment and mulch. Two preplant amendment-mulch treatments were evaluated. The ''compost + sawdust'' treatment included a preplant amendment and a mulch of compost and sawdust. ), and then, the compost was topped with sawdust (7.5-cm deep; 300 m 3 · ha -1 ) with a goal of creating a barrier to weed establishment. The mulches were spread mechanically in 0.75 m wide strips under and on each side of the plant rows. Onfarm compost was used when the mulch needed replenishing in Autumn 2007, but in Jan. -Feb. 2011 and 2013 , compost made with municipal yard waste clippings was used (Rexius, Eugene, OR). The composts and sawdust were analyzed by Soil Control Laboratory (Watsonville, CA) and total nutrient application was calculated (Table 1) .
The second amendment-mulch treatment, ''weed mat,'' involved no preplant amendments, but included a mulch of fresh douglas fir sawdust (7.5-cm deep; 300 m 3 · ha -1 ) topped with black, woven polyethylene groundcover (water flow rate of 6.8 L · h · m -2 and a density of 0.11 kg · m -2 as measured by the manufacturer; TenCate Protective Fabrics, OBC Northwest, Canby, OR). Weed mat was placed over a sawdust mulch layer, not currently a commercial practice, with a goal of offsetting the reduction in soil OM observed under weed mat mulch in long-lived perennial crops such as apple (Malus ·domestica Borkh.) (Choi et al., 2011) . The weed mat was 1.5-m wide and was centered over the planting beds before securing it in place with landscape staples. A 20-cm diameter hole was cut in the weed mat for each plant and the area covered with 5 cm of douglas fir sawdust mulch (1.4 m 3 · ha -1 ) after planting. The weed mat was replaced in Dec. 2010 with a similar product and was installed as a ''zippered'' system (overlapping and secured with landscape staples) such that the weed mat could be opened to apply any needed granular fertilizers. The sawdust mulch under the weed mat was still at an adequate depth (5-10 cm) and did not require replenishment in 2010.
Cultivars. Ten cultivars (Duke, Bluecrop, Reka, Bluejay, Bluegold, Draper, Legacy, Liberty, Ozarkblue, and Aurora) were selected to represent a range in fruiting or harvest season and are important commercial cultivars in the Pacific northwestern United States . Standard, 18-monthold container stock (3.8 L), with two to four whips per plant, was purchased from a commercial nursery and transplanted into the field at an in-row spacing of 0.75 m and a betweenrow spacing of 3.0 m (4385 plants/ha) in early Oct. 2006.
Experimental design. Each experimental unit consisted of a 5-m plot containing seven plants. The experimental design was a splitplot with amendment-mulch treatment as the main effect and cultivar as the subplot effect. The main effect (amendment-mulch) was limited to two replications because of the size and duration (cost) of the study and because the study was conducted in the guard rows of a 0.5-ha certified organic research planting established concurrently.
Planting management. The rate of fertilizer nutrients and the products applied to each amendment-mulch treatment in 2007-14 are presented in Table 2 . Two fertilizer sources were used to achieve the total rate of N applied. Half of the N was applied as fish emulsion by hand as a drench around the base of the plants in 2007-09, sidedressed with a sprayer on each side of the row in 2010, and injected through the drip system (fertigated) in 2011-14 in seven equal applications every 2 weeks from mid-April to early July. The remaining N was applied using a granular soybean [Glycine max (L. (DeFrancesco et al., 2014) ; applications to the earlier-season cultivars (e.g., Duke) were not required as insect populations were very low. In general, management for other pests was not required although scouting for any presence was done regularly. Some cultivars were affected by Blueberry shock virus (BlShV); the proportion of the plot showing symptoms (necrotic flowers) and thus not producing fruit was estimated annually. This pollen-borne virus was unaffected by amendment-mulch treatment, but cultivars do vary in their sensitivity (Pscheidt and Harper, 2014) .
Plants were pruned each winter to maintain a balance of vegetative growth and fruit production (Strik and Buller, 2005; Strik et al., 1990 Strik et al., , 1993 . Data analysis. Analysis of amendmentmulch and cultivar effects on plant traits and yield was done for a split plot design by year and for cumulative yield (during the length of the study) using the PROC MIXED procedure in SAS version 9.3 (SAS Institute, Cary, NC). The effect of year was analyzed using a split-split plot design [year as the main effect (n = 7 or 8, depending on the trait), amendment-mulch as the subplot effect (n = 2), and cultivar as the sub-subplot effect (n = 10)] for all plant and fruit traits except yield per plant, which was expected to change as plants matured. We did analyze whether yield significantly increased from year 7 to 8 (2013-14) for all cultivars. Mean comparison was performed using least-square means. The relationship between estimated yield and actual yield in 2009 was analyzed by linear regression, using a best fit as well as forcing the intercept through zero. Soil analysis results were analyzed for the effect of amendment-mulch, by year (2010-13) using PROC MIXED in SAS.
Results and Discussion
Soil properties. A pooled soil sample taken before planting indicated that soil pH, OM, and all nutrients except for Ca (lower than recommended) were at appropriate levels (Table 3) for blueberry (Hart et al., 2006) . No fertilizers or amendments were applied to the whole field before establishing the treatments and planting. We analyzed the composts and sawdust used in our amendment-mulch treatments for pH and nutrient content and calculated the total nutrients applied throughout the study (Table 1). The slow-release N provided by the compost was estimated at roughly 25 kg · ha
(3% of total compost-N applied), based on experience with similar composts applied before planting in grass (Sullivan et al., 2003) and sweet corn (Gale et al., 2006) . However, the proportion or rate of availability of the nutrients applied in the composts or sawdust (Table 1) is not known. Although we have not yet determined impacts of mulches on soil microbiology, we noted differences in the impact of the amendment-mulch treatments on soil properties and nutrients (Table 3) (Larco et al., 2013b (Larco et al., , 2014 . The onfarm compost used as a preplant amendment was prepared using lime and thus had a high Ca content (Table 1 ) and a high pH (7.5). We chose this product because it was being commonly sold to commercial blueberry growers for use in new and established fields. In our study, incorporating this product before planting increased soil pH from 4.9 to 6.9 in 4 years (2010) such that the compost + sawdust treatment had a significantly higher soil pH than the weed mat (Table 3) . Application of S in 2011-12 (Table 2) reduced the soil pH from 6.8 to 5.9 the following year. Whereas there was no significant amendment-mulch effect on soil pH in 2012-13, there were only two replications. It is important to note that soil pH in the compost + sawdust treatment remained above the desirable range for blueberry (4.5-5.5; Hart et al., 2006) , whereas it was within this range in the weed mat treatment throughout the study (Table 3) . Larco et al. (2013a) found lower soil pH under weed mat mulch than under a yard-debris compost + sawdust mulch in organic blueberry. However, use of a yard-debris compost only as part of a mulching program had benefits for mitigating the decline in soil pH that occurs with fertilization over time, while maintaining soil pH within the desired range for blueberry (Larco et al., 2013a; Strik, 2016) . Table 1 . Total nutrients applied as an amendment-mulch (''compost + sawdust'') and as a mulch (''weed mat'') at establishment (2006) In our study, the on-farm compost likely had a rapid effect on increasing soil pH because of the lime effect. Composts without added lime may not have a similar effect when used as a preplant amendment.
The amendment-mulch treatments led to differences in soil pH, OM, and particularly levels of soil Ca, Mg, and K (Table 3) . Despite these differences in soil properties, Strik and Vance (2015) noted no effect of amendment-mulch on leaf nutrient concentrations in this same research planting other than for manganese (Mn) and aluminum (Al) whose availability is decreased at high soil pH. Therefore, although compost supplied a high rate of total N (Table 1) , and an estimated 25 kg · ha -1 N released per year of the study, it apparently supplied low amounts of plant-available N, or the added N was not required by the plants. Larco et al. (2013b Larco et al. ( , 2014 also found that yard-debris compost provided little to no plant-available N when used as part of a mulching program in organic blueberry production. In our study, the nutrients applied via fertilization (Table 2) were thus considered sufficient for plant growth based on plant tissue analysis (Strik and Vance, 2015) and observed growth. The high pH in the organic amendment-mulch treatment, however, likely reduced plant growth and yield in some cultivars (see below).
Plant traits. The effects of year, mulch, and cultivar on the proportion of flower buds per lateral (flower bud set), flowers per cluster, and percent fruit set are shown in Table 4 . There was no main effect of year on any of these variables, but there was a year · cultivar interaction on flower bud set. While some cultivars had consistently high flower bud set from 2008 through 2013 such as 'Bluegold' (46% to 57%) and 'Draper' (40% to 51%) or consistently low values such as for 'Bluecrop' (22% to 45%), 'Duke' had high flower bud set in 2008 (57%) followed by a particularly low value in 2009 (40%) and was again among the cultivars with the highest flower bud set in 2012-13 (48% to 52%; data not shown). 'Bluecrop' was also reported to have lower flower bud set than other cultivars in establishing and conventionally managed mature blueberry plantings/trials (Strik and Buller, 2005; Strik et al., 2003) . On average, 'Bluegold' and 'Draper' had the highest percentage of flower bud set, whereas 'Legacy', 'Ozarkblue', and 'Bluecrop' had the lowest (Table 4) . There was no effect of amendment-mulch treatment on flower bud set.
There was a strong cultivar effect on the number of flowers per bud (flowers/cluster) with no effect of year or amendment-mulch treatment (Table 4 ). In Michigan, there was some variability in flowers/bud across years (Hancock et al., 2000) . Some of the variability in flowers/bud within a cultivar among years and studies may be caused by climate (location), sampling location in the bush, and location of the bud on the lateral (Almutairi, 2016; Hancock et al., 2000) . In our study, the consistency of bud sampling likely reduced variation among years. 'Ozarkblue' and 'Bluecrop' had the highest number of flowers/bud, whereas 'Bluegold', 'Duke', and 'Legacy' had among the fewest. In Michigan, 'Bluecrop' and 'Bluejay' did not differ in flowers/bud (7.1-7.8), but these cultivars had among the lowest values of six cultivars studied (Hancock, 1989) .
Fruit set among the cultivars was similar, averaging 93% during the study (Table 4) , except for 'Aurora' and 'Ozarkblue', which averaged 96% and 88%, respectively. It is possible that 'Ozarkblue' had a particularly low fruit set, because it also had a high number of flowers/cluster that may limit resources. Fruit set in our study was higher than the 78% to 90% and 72% to 87% reported by Strik et al. (2003) and Hancock et al. (2000) in 'Bluecrop' grown in Oregon and Michigan, respectively. It is possible that we counted berries per cluster and calculated fruit set before any berry drop that might have occurred; in some cultivars, such as 'Liberty', small berries may fall from the cluster reducing final fruit set (Almutairi, 2016) . Percent fruit set is typically high in the Willamette Valley, OR, as compared with other production regions (e.g., Hancock, 1989) because of consistently favorable weather during bloom.
Yield. In 2009, when the plants were going into their third growing season, the total number of flower buds was counted to determine if this could be a good predictor of yield on young plants and be used as a tool to adjust severity of pruning; this method would likely be impractical on larger plants. The number of flower buds per plant was affected by cultivar (P < 0.001), but not amendmentmulch (data not shown). 'Draper' had the fewest average number of buds per plant (95), likely because these plants were short in stature because of their propensity toward a compact growth and/or an immature plant response to propagation by tissue culture. 'Aurora', 'Duke', 'Bluejay', and 'Bluecrop' had a moderate level of flower buds per plant (127-165), whereas 'Reka', 'Liberty', and 'Legacy' had the highest number (213-279). Too many plants of 'Bluegold' and 'Ozarkblue' were affected by BlShV or a somatic mutation (small leaves and berries) in 2009, respectively, to be able to get an accurate count of flower buds, so they were not included.
Although there was a significant linear relationship between predicted yield (based on the number of buds/plant) and actual yield, the strength of this relationship was reduced when the line was forced to have no intercept (Fig. 1) . Yield was overestimated (slope <1) using either formula, particularly at higher bud numbers per plant, as has been found by others (Salvo et al., 2012) . However, some yield loss would be expected because of a proportion of fruit being dropped during picking and pests (e.g., birds and possibly disease). In our study, the relationship between the number of flower buds/plant and yield, when considering the flowers/bud and berry weight (cultivar dependent) and typical fruit set for the region shows promise as a tool to adjust pruning and predict yield in young plants (Fig. 1) . This relationship would be improved with the development of cultivar-specific formulae if more data points were available.
Yield per plant increased from the second through seventh growing seasons as plants matured (Fig. 2) . Cultivar significantly affected yield in each year of the study. 'Aurora' did not produce its first crop until 2009, because plants were pruned to produce fruit in their second growing season only if they were vigorous enough; cropping plants in the second year can reduce plant growth and subsequent yield (Strik and Buller, 2005) . The other cultivars were considered vigorous enough and were pruned to produce a limited crop in 2008. Plantings in this region are considered mature in year 7 or 8; our data agree with these findings as there was no significant increase in yield from 2013 to 2014, with the exception of 'Duke'. Yield can certainly differ among years for many reasons. For example, Nemeth et al. (2017) reported increased plant growth (biomass) and yield from year 9 to 10 in 'Elliott' blueberry. Based on our experience, once plants reach 8-10 years of age, yield tends to fluctuate about a mean typical for the cultivar with pruning having the largest influence on yield in our region.
Cumulative yield, on average, was highest in 'Legacy' (Table 4) (Fig. 2) . 'Ozarkblue' had the next highest cumulative yield. However, yield per plant in this cultivar was higher than what would be expected at an in-row spacing of 0.75 m because several plants per plot had a somatic mutation and had to be cut back to just above crown height, so they would not be harvested; this mutation likely occurred during tissue culture propagation and is the main reason this cultivar is no longer readily available from commercial nurseries. The remaining 'Ozarkblue' plants had more space to grow within the plots and thus yield per plant was higher. The lowest cumulative yield, on average, was measured in 'Draper', which had relatively low yield when plants were young (small bushes that needed hard pruning), and 'Bluejay'. The mature yield (2013 and 2014) of most of the cultivars we studied was similar to what is typically harvested in mature conventionally managed fields (B.C. Strik, personal observation). In a cultivar evaluation trial in Missouri, 'Legacy' and 'Reka' were among the highest yielding, 'Ozarkblue' and 'Bluecrop' were intermediate, and 'Duke' was in the lowest yielding group in conventional production (Kaps et al., 2010) .
During the establishment years, amendmentmulch treatment only had a significant effect on yield in 2009 when those grown with weed mat averaged 2.1 compared with 1.6 kg/plant when compost + sawdust were used as the amendment-mulch (data not shown). Larco et al. (2013b) also reported a higher yield in the second growing season when 'Duke' and 'Liberty' were grown with a weed mat mulch (no sawdust present) as compared with a sawdust mulch alone, but found no difference between weed mat and a compost + sawdust mulch (with no preplant amendment). In our study, there was only a cultivar by amendment-mulch interaction on yield/ plant in 2011 as all cultivars had greater yield with weed mat except for 'Bluegold' (data not shown).
There was a significant cultivar · amendment-mulch effect on cumulative yield/plant (Table 4 ; Fig. 3 ). Most cultivars had greater yield when grown with weed mat, whereas 'Bluegold' and 'Liberty' were unaffected by amendment-mulch treatment over the length of the study. The presence of weeds has been shown to reduce yield, and mulch often improves yield when compared with unweeded plots (Burkhard et al., 2009 ). In our study, weed management costs were considerably higher in the compost + sawdust treatment because of greater weed presence as compared with weed mat mulch (data not shown). We found similar results in another organic study (Julian et al., 2012) as have others (Tertuliano et al., 2012) . Because weeds were managed in all plots in our study, the cultivar response to amendment-mulch type was likely a reflection of sensitivity to the preplant amendment and resulting higher soil pH (Table 3) . For example, 'Duke' is known to perform poorly in high pH soils, whereas 'Reka' is much more tolerant (B.C. x Compost + sawdust = addition of on-farm crop waste compost and sawdust as an amendment preplanting and as a surface mulch layer; weed mat = no preplant soil amendment but a surface layer of sawdust topped with weed mat applied as a mulch. w Means followed by the same letter within treatment are not significantly different (LSMeans) (P > 0.05). Mean comparison not available (n/a) for 'Aurora' because of missing data in 2008. v Nonsignificant (NS) or actual P value provided when significant by analysis of variance; n/a = not applicable, as cumulative yield analyzed.
Strik, personal observation). While we observed symptoms of soil pH being too high in 'Duke' (lime-induced iron chlorosis), no symptoms were apparent in any of the other cultivars. It is possible that the cultivars differed in their adaptability to the various fertility regimes caused by the amendmentmulch treatments and fertilizers used in our study. Larco et al. (2013a Larco et al. ( , 2013b and Strik (2016) observed differences in plant growth and yield between 'Duke' and 'Liberty' when fertilized with fish emulsion or feather meal in a certified organic production system. Incorporation of a preplant amendment, particularly douglas fir sawdust in our region, is common (Julian et al., 2011a (Julian et al., , 2011b and has been shown to improve growth and production over the long-term compared with no preplant amendment in conventionally managed blueberry fields (Nemeth et al., 2017) . Our study confirms the importance of testing any amendments before use in blueberry and either not using those with a high pH or acidifying them before use (Costello, 2011) .
Fruit traits. Berry weight was affected by year (plant age), cultivar, amendment-mulch, and the interaction of year · cultivar and mulch · cultivar (Table 4) . On average, 'Ozarkblue' had the largest berries (Table 4) . 'Bluegold' and 'Bluejay' tended to have consistently large and small fruit, respectively, throughout the study (data not shown). In 2008, the first fruiting season, 'Ozarkblue' and 'Liberty' plants produced particularly large berries. 'Draper', 'Ozarkblue', and 'Aurora' produced relatively large berries in 2010. 'Reka' had particularly small berries in 2012, even though the plants did not appear to be overcropped (Fig. 2) . Berry size in 'Liberty' fluctuated considerably from year to year (data not shown), even though plants were consistently pruned and there appeared to be little relationship between berry weight and yield, as is commonly found in blueberry (Strik et al., 2003) . 'Liberty' tends to produce canes that look good at pruning time, but then proceeds to produce very small berries; growers call this ''little berry,'' and this trait could have reduced average berry weight in this cultivar in our study. Even though plants were pruned relatively consistently from year to year, with a goal of balancing vegetative growth with fruiting potential (Strik et al., 1990 (Strik et al., , 1993 , variability in pruning within cultivars from year to year could have caused differences in berry weight (Hancock and Nelson, 1985; Siefker and Hancock, 1987; Strik et al., 2003) . The berry weights we found throughout the study period were higher than those reported for these same cultivars in some other studies (Hancock, 1989; Hancock et al., 2000; Kaps et al., 2010) .
Although there was a significant amendment-mulch · cultivar interaction for berry weight (Table 4) , the effect was small; only 'Ozarkblue', 'Aurora', and 'Reka' produced heavier fruit (10%) when grown with weed mat as compared with the compost + sawdust amendment-mulch treatment (data not shown). Larco et al. (2013a) also noted cultivar differences in response to mulch type.
There was a year · cultivar interaction on TSS (Table 4) . 'Bluejay' had the highest TSS in most years of the study (data not shown), likely because this cultivar is typically machine harvested for processing, and fruit were thus left to hang before harvest; the entire crop was harvested in two pickings, and the fruit were thus ripe to overripe. 'Ozarkblue' fruit had the lowest TSS in many years. Most cultivars had a higher fruit TSS when they were young and in their second growing season, except for 'Duke', 'Reka', 'Aurora', and 'Ozarkblue' (data not shown). On average, 'Bluejay', 'Draper', and 'Liberty' fruit had the highest TSS and 'Ozarkblue' the lowest (Table 4) . There was little difference in TSS among the other cultivars.
Berry firmness was affected by year, cultivar, amendment-mulch, and the interaction of year and cultivar (Table 4 ). The fruit harvested from plants grown with weed mat were firmer than when the compost + sawdust amendment-mulch was used. 'Draper' fruit were much firmer than those of the other cultivars in all years of the study (data not shown). 'Duke' fruit were next firmest, except in 2012 when 'Bluegold' produced firmer fruit than 'Duke'. 'Reka' and 'Bluecrop' produced the least firm fruit in 2011 and 2013, respectively. While fruit firmness was relatively similar in 2010 and 2011 in most cultivars, firmness increased in 'Ozarkblue' and 'Aurora'. On average, 'Draper' fruit were the firmest and 'Bluecrop' and 'Reka' the softest (Table 4) . 
Conclusions
All of the cultivars studied grew and produced well under the amendment-mulch treatments used during the 8-year study. However, cultivars differed in their apparent tolerance to the higher soil pH resulting from using the on-farm compost, which contained lime, as a preplant amendment. Maintaining soil pH within the current recommended standard of 4.5-5.5 is thus important for many cultivars for optimal growth and production. Cultivars differed relatively consistently in percent flower bud set and the number of flowers per bud throughout the study, whereas percent fruit set was consistently high for all cultivars. Predicting yield in young plants is possible by counting the number of flower buds per plant and using cultivar-specific data on the number of flowers/bud and berry weight along with a typical fruit set value for the region; however, yield was overestimated using this method. Yield increased from the second to the seventh growing season in most cultivars, but yield continued to increase between year 7 and 8 in 'Duke' indicating these plants may not yet have been mature. Average cumulative yield was highest for 'Legacy' and lowest for 'Draper' and 'Bluejay'. Most cultivars had lower yield when grown in plots amended and mulched with on-farm crop waste compost than when grown with weed mat; this was likely a negative response to the high pH of the on-farm compost, as weeds were controlled in all treatments. On average, plants grown with the weed mat mulch produced firmer and larger berries than those grown with the compost + sawdust amendment-mulch. The differences among cultivars in the measured fruit quality parameters were similar to what has been observed in conventional production systems.
